Recently, water diuresis has been shown to promote chronic Escherichia coli bacteriuria following the injection of bacteria into the bladder lumen of rats with normal urinary systems(l). However, maintenance of bacteriuria for periods up to 56 days has not resulted in renal lesions(l,2). Similar effects of water diuresis on bacteriuria have been observed in mice. In this species, however, severe pyelonephritis is a common and prominent finding in animals with bacteriuria of 3 weeks duration(3).
ference in the effect of chronic bacteriuria maintained by water diuresis by the difference in the effect of water diuresis on susceptibility to pyelonephritis in the two species.
MATERIALS AND METHODS
Wlhite adult male Sprague-Dawley rats weighing 250-380 g were employed as the experimental animals in all studies. Animals were housed in standard animal cages, 2 or 3 animals per cage, and were provided with Purina ILab Chow pellets ad libiliim. WVater d(iuresis was achieved by providing the animals free access to solutioins of 5(/% glucose in tap water. Experimental animals were provide(l this soltutioni 4 to 7 days prior to the day of receiving the test bacterial inoculum ancl were mnainitaieled on this drinking solution until the time of bacteriological study. Control rats were similarly housed and provided with free access to tap water. Liquiid consumption for all animals was measured daily. In no instance was the dirinkinig bottle allowed to be emptied.
The test bacteria was a strain of E. coli whiclh lhas been employed in this laboratory for many years and has been described elsewhere (8) . Tlle test inocuLla were prepared from a 4.5-hr broth culture of the test organism, appropriately dilutecl in sterile saline to attain the desired concentration. Inocula were enunmerated by making agar pour plates of serial dilutions of the broth ctulture;
plates were counte(I after incubation at 370 for 24 hr.
The animals were aniestlhetizecl witlh sodium pentobarbital; supplemental ether inhalation anestlhesia was usecl as needed. After prel)aration of the abdomen by shavinig and waslhing with Zephiran® antiseptic soltution, the urinary system was exposed tlhrouglh a midline abdominal incision. Abdominal viscera were retracted witlh sterile gauze soakecl in sterile saline to expose the left kidIley. Tlle left kidney was employed because of ease of accessilility in the abdominal cavity.
The kidney was brought into the wound and, using a 27-gauge needle, inoculation was ma(le into the renal inner medulla or papilla by inserting the needle perpeii(licuilar to the anterior kidney surface, mi(lway between the poles, at a poinlt about two-thir(ls the distance to the hilum from the lateral margin and to a deptlh of about 4 mm. Volume of inocula was in all cases 0.05 ml of either sterile saline or test inocula. Bacterial inocula were diluted to contain 1-3 X 103 viable bacterial units. Bleeding from the puncture site upon withdrawal of the needle was readily controlledl by light (lirect pressure with sterile gauze for 10-15 sec. In a small number of aniimals, a wedge-shaped zone of blanclling was noted immediately upon insertion of the needle into the kidney substance, with apex at the ptincture site and extending around the equator of the kidlney. At the time of death these animals were frequently found to have infarcts of the kidney at the site of operative ischemia and were, therefore, systematically excluded from the study wlhen this observation was made at operation. In all animals, immediately following puncture of the medulla, gross hematuria was observed in peristaltic waves down the ureter; no hematuria was noted, however, at the time of death. Care was taken to avoid manipulation of the left ureter.
Prior to inioctulation of the kidney in some animals, the bladder was exposed and its contents aspirate(d througlh a 27-gauge needle. Using a second syringe, but employing the same nee(dle, 0.05 ml of test inocula containing 1-3 X 103 viable bacterial uniits were injected into the bladdler lumen. In this way the bladder wall was punctured only once. The uretlhra and ureters were not intentionally disturbe(l. Following these procedlures, the peritonetim and abdominal muscle layers were closedl in onie layer using a 4-0 black silk. Abdominal skin was closedl wvitlh metal woutn(l clips. Animals were killed 6 or 7 days following bacterial inoculation. After induction of aniesthesia and(l preparation as described above, a large midline abdominal incision was madle to expose the uirinary system. After aspiration of bladdler urine, botlh kidneys were removed aseptically ancl placed in sterile Petri dislhes. Using sterile lprecautions the kidlneys were longitudinally sectioned and examined for gross patlhology. The organs were then place(d in sterile grinding tubes and groulnd in 9.0 ml of sterile saline to prepare 10-1 dilutions; agar pour plates of 1.0 ml of these suispensions were made. In addition, loopfuls of each suspension andI of bladdler turine were streaked on both blood and desoxycholate agar plates using a 0.001-mnl calibrated loop. Agar pour plates of the remaining volumes of urine were also madle. All isolated organisms were idlentified as the test E. colt l)y their clharacteristic reactioins on desoxycholate, Simmon's citrate, and Kligler's iron agar (8) .
RESULTS

Effects of WaVter Diuresis
The effects of water dliuiresis produced by ingestion of 5%/0 glucose soltution on the clhemical composition of the rat kidney lhave been described elsewhere (4) . Voluine constumption for 53 control and 62 glucose-drinking animals is presentedl in Fig. 1 These results tlhus confirm previous demonstrations of the effects of water diuiresis in promoting persistent bacteriuria and spread of bacilli(l), and further, demonstrate an enhancing effect of water diuresis on the susceptibility of the traumatized rat renal medulla to coliform infection.
It is known that renal medullary injury predisposes to bacterial infection(9-12), and that water diuresis increases susceptibility to prolonged bacteriuria in the Fig. 3 . No gross lesions of the right kidneys were found.
The production of pyelonephritis in the trauimatized kidney by inoculation of bacteria into the bladder lumen of animals undergoing diuresis demonstrates that water diuresis promotes ascending infection in the presence of a1cute damage to the renal medulla. However, the 7% frequency of gross lesions in this group differs significantly from the frequency of 34% produced by direct inoculation FIC. 3. Gross ab)sceSS in the traumatize(l kidniey of a rat ilin(IergoiI)0 water ditiresis, followinig the inloculatioIn of 10" E. coli inito the bladder lumenie. Scale in celltimeters. did not arise from persistent bacteriuria in the presence of an acutely damagecl kidney, but ratlher represented an effect on the susceptibility of the renal medulla itself to coliform infection. The present studies also demonstrated that, in tlle presence of acute damage to the renal medulla, water diuresis had no significant effect on the coturse of hematogenous E. coli pyelonephritis.
In both rats and mice, water diuresis has been previously shown to decrease bladder clearance of E. coli and hence facilitate bacteriuria(l,3). In those studies, severe pyelonephritis was commonly found in mice following prolonged bacteriuria whereas no renal lesions were noted in rats. Further studies by Keane have demonstrated that the same water diuresis that promotes bacteriuria does not protect the mouse kidney against pyelonephritis produced by direct inoculation of E. coli into the renal medulla (7) . The present investigations suggest that the absence of renal lesions in rats with prolonged bacteriuria cannot be attributed to a protective effect of water diuresis on the renal medullary tissues.
Rather, it appears that water diuresis in the rat enhanced the intrinsic susceptibility of the renal medulla to infection when bacteria were injected directly into the kidney substance. The data suggest that the species difference concerning the effects of chronic bacteriuria maintained by water diuresis on the course of infection in rats and mice centers on the ability of bacteria to invade the renal papillary tissues from the renal pelvic urine. Little is known of the factors which are of significance in this process.
These data are remarkable in that investigations by other workers have demonstrated opposite effects of water diuresis on the susceptibility to pyelonephritis in certain model systems. Andriole and Epstein (4) (5) (6) In the present stuclies, on the otlher lhand, trauma to the medulla by needle punctlure resultedI in a localizeed zone of "intrareinal hydronephrosis" (9, 10, 16) Previous experiments hlave demonstrated a difference in the susceptibility of mouse and rat kidlneys to pyelonephritis dcuring the course of prolonged bacteriuria maintainedl by water (lituresis. The results of the present study suggest that the explaniation for this species difference in susceptibility to pyelonephritis rests not witlh the effect of water dtiuresis on renal parenchymal infection blut ratlher witlh some dlefense meclhanism at the point of contact of the renal papillary epithlelium witlh lacteria in the renal Pelvic urine.
